The availability of a fi rm-level database that represents the productive sector of an economy at the aggregate level is a necessary condition to undertake both reliable policy analysis and economic research in multiple areas. In this paper, we document the construction of a new representative fi rm-level dataset for Spain using detailed micro-level information provided by fi rms to the Spanish Commercial Registry and the Bank of Spain. A comparison with National Accounts fi gures serves to illustrate that the new micro-dataset is able to replicate the growth rates of output, employment and wage bill of the private sector. Using offi cial statistics from the National Institute of Statistics (INE), we show that the resulting dataset covers more than 80% of fi rms registered in the census over the years 2000-2013 and, more importantly, the resulting dataset replicates the fi rm size distribution of the Spanish non-fi nancial market economy. The same representativeness analysis is done for the manufacturing sector indicating that this sector is particularly well-represented in the dataset.
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Introduction
It is a well-known fact that aggregate economic performance in the long-run strongly depends on firm-level decisions on labor and capital markets, as well as on firms' innovation and technological capacity. Economic analysis has long recognised that behind the observed aggregate behavior of the productive sector there is widespread heterogeneity in firms' behaviour that must be considered at both theoretical and empirical level (e.g., Bartelsman and Doms, 2000; Melitz, 2003) .
1 This recognition highlights the limits of models based on representative agents pushing for research work that examines the causes and consequences of heterogeneity among firms on macro aggregates. Besides the required theoretical frameworks, the availability of high-quality microdata on firm's decisions and outcomes is crucial to be able to examine their impact on economic activity. At the same time, policy analysis has been recently enriched with the use of microdata on firms' decisions to examine the roots of the productivity differences among firms (e.g., Lopez-Garcia, di Mauro and CompNet, 2015) . Indeed, the traditional use of macroeconomic data to make policy advice can be flawed in the presence of heterogeneity among agents. An aggregation problem can arise creating a misleading identification of macro channels that are rejected using rich microdata (e.g., Mian and Sufi, 2009, 2010 ).
This paper aims to improve the quality and representativeness of the currently available micro-level datasets for the Spanish private productive sector for the period 2000-2013, building on the relative strengths of the existing datasets.
The micro-level firm dataset examined in this paper is built using the data from financial statements that all firms in Spain are required by law to submit annually to the Commercial Registry (Registro Mercantil in Spanish).
2 This information has an administrative nature and it is highly reliable, as firms are bound by law to provide accurate information on their financial situation. Failure to do so can result in fines and even criminal charges. Indeed, the tax administration routinely cross-checks the information provided in these financial statements with corporate income tax returns submitted by firms to ensure that they are consistent. The Commercial Registry regularly 1 Early papers accounting for firm-heterogeneity in macroeconomic models date back to the late seventies and early eighties (see, for instance, Lucas, 1978; Jovanovic, 1982) . However, over the last decade firm-heterogeneity has played a more prominent role in the theoretical and empirical literature given the availability of micro-datasets.
2 Firms submit their statements to the commercial registry office located in the province where the firm's headquarters are located (i.e. registros mercantiles provinciales). These offices compile and process all the information that is publicly available at both the Central Commercial Registry (Registro Mercantil Central, http://www.rmc.es/) and the Association of Registrars (Colegio de Registradores, https: //www.registradores.org/registroonline/tramites/mercantil/estadisticas.seam) transfers to the Bank of Spain digitalized raw data on the financial statements submitted by firms. The Statistical Department of the Bank of Spain then processes and cleans this raw data according to exhaustive statistical and accounting criteria (Central de Balances, 2017a,b) that results in a dataset denominated Central de Balances Integrada (CBI ). This database is only available for in-house economists and external researchers working in collaborations with the Bank's staff in selected investigation projects. In spite of the continuous efforts to improve and expand this dataset, the Bank of Spain dataset does not cover the universe of private-sector firms because it excludes firms that submit information late (after the regular submission deadline) or on paper.
3
In order to expand the coverage of their micro-firm level dataset, the Bank of Spain acquired the SABI database (Iberian Balance-Sheet Analysis System), owned by the marketresearch company Informa-Bureau van Dijk (http://www.informa.es/en), which constitutes the Spanish input for the worldwide used Amadeus and Orbis datasets. This dataset is built using the same source of data, the financial statements submitted by firms to the Commercial Registry, and has the potential advantage of covering large and medium-sized firms that submit their statements either late or on paper. Given the careful treatment and compilation of the raw data done by Informa, this opens the possibility to combine this dataset with the one owned by the Bank of Spain in order to increase the sample size and the information reported by firms. The final goal of merging the available information in both datasets is to obtain a large micro dataset of Spanish firms that is representative of the aggregate behavior of both employment and production for the market economy from 2000 to 2013.
We evaluate the coverage and representativeness of the resulting dataset, henceforth called BdE-extended dataset, comparing it to official statistics from the National Institute of Statistics (INE) on the census of registered firms constituted as legal entities, and thus excluding businesses registered as self-employed entities. To examine the coverage and representativeness of the BdE-extended dataset, we undertake three main statistical analyses: i) examine the yearly and full-sample coverage in terms of registered firms, aggregate wage-earners full-time equivalent employment and their wage bill; ii) compare 3 In order to address this issue, the Bank of Spain's Statistics Department has undertaken a reweighting process of the available firm-level observations to ensure that the dataset is representative of the full population of Spanish firms and consistent with official statistics. This reweighting procedure has been applied, when necessary, in analyses performed by Central de Balances Division while, in some cases, analysts have chosen to work with the original dataset without applying any reweighting to maximize the available sample size. Central de Balances Division has recently undertaken additional actions to include in future versions of the CBI database some of the missing companies to which this document refers.
their financial statements; and iii) analyze the representativeness of the firm size distribution, defined in terms of employees, that emerges for the microdata. We undertake this analysis for the non-financial market economy and also for the manufacturing sector. We put special attention on manufacturing because of the relevance of this sector to examine productivity and misallocation of resources in the economy.
The results show the remarkably high coverage of the merged database, cleaned of outliers and inconsistent observations, with rates above 80% of registered firms for the market economy and above 85% for the manufacturing sector, being these ratios fairly constant over the time period. In terms of macro aggregates, the firm-level dataset also reaches high and stable coverage ratios for both wage-earners employment and remuneration of workers (see Tables 1 and 2 ) with average ratios of, respectively, 77% and 80%
for the non-financial market economy and 78% and 85% for the manufacturing sector.
Besides the good aggregate coverage, the analysis shows that the BdE-extended dataset The main contribution of this paper consists of documenting both the construction and the representativeness exercises of the micro-dataset used by the Bank of Spain to the dynamics of employment, wage bill and production reported in National Accounts with the aggregate evolution that results from adding micro-data reported by firms in undertake policy and research analysis using firm-level data. As recently stressed by 5 When discrepancies between reported items are detected, e.g. expenditures in thousands and assets in millions or in levels, firms are labelled as observations with "unreliable" units. These firms represent around 1% of the BdE sample and we drop them from the dataset. 6 The information for this subset of firms is compiled in the database called Central de Balances Anual (CBA) that is integrated in the CBI database. The subset of firms included in CBA is small in number (around 10,000 in 2016 over a census of more than 1 million of firms) but they represent on average more than 30% of total gross value-added. See Central de Balances (2017a) for further details on the information contained in this database.
7 An exhaustive description of the data sources, construction database criteria and also the statistical procedures and accounting treatment of information can be found at Central de Balances (2017a,b).
In spite of that effort, CBI coverage of firms' data is constrained by the data reception limitations previously exposed. In order to improve their dataset coverage, the Bank of Spain acquired the SABI database, which comprises the full set of information on Spanish firms for which Informa has data as of April 2016. Informa is owned by Bureau van Dijk and it is the official data provider for Spain and Portugal to the extensively worldwide used Amadeus and Orbis datasets. In particular, the acquired sample contains all the information included in CD vintages and internet plus other information that is not uploaded in the online version of the database. This exhaustive dataset does not require performing the long merging process of available subsamples for Orbis and Amadeus datasets as analysts must do to construct the full database as explained in KalemliOzcan et al. (2015) . The SABI database is well-suited to complement the Bank of Spain dataset because Informa puts special emphasis on reaching the maximum coverage of large and medium-sized firms, given the potential market appeal of having these firms to undertake financial and market analysis. Indeed, Informa periodically buys packages of financial statements to cover missing firms in its database, digitalizes financial statements and carefully treats and analyzes all the information received. The main limitation of using the SABI dataset to examine the aggregate behavior of the market economy is the lower coverage of small firms, which are better represented in the CBI dataset.
Against this background, we combine the CBI and SABI datasets to take advantage of their complementarities in order to maximize the coverage of the resulting database.
In the merging process, we sequentially follow two strategies to deal with the micro-data without manipulating the original data reported by firms. First, we undertake a simple and generic cleaning procedure aiming to eliminate outliers and remaining reporting mistakes that are common in large-scale microdatasets. Second, given the quality filters and cleaning undertaken in CBI and also the careful individual digitalization done by SABI, we do not make additional individual analysis of firm-level data but combine all available data reported by firms in both datasets to maximize coverage. This selfcontained cleaning strategy is rationalized to preserve a broad dataset that allows, for instance, studies which are focused on a small subset of variables to have the largest possible sample size, without missing companies due to outliers in variables that they do not use. In any case, the resulting dataset of the merging process is not a faultless database. Indeed, each analysts will have to make her own decisions on how to combine and statistically treat the available firm-level information in order to address the policy or research question she is intended to answer. The first step in the merging process consists of performing a simple cleaning strategy to eliminate potential outliers. The same criteria are applied to both datasets. First, we drop observations with employment and output reported as either negative or above the maximum reported values in the population. The latter criterion consists of identifying the maximum firm size in terms of employment and output per year and discard firms recorded as being above these census top values. Second, in order to discard extreme productivity observations, we replace output by a missing value for those firms with less than 50 employees and whose output/employees ratio is above the percentile 99.5 in the sample (i.e. small firms with unusually high labor productivity). Analogously, we replace employment by a missing value for those firms with more than 50 employees and whose output/employees ratio is below the percentile 0.5 in the sample (i.e. large firms that appear to have unusually low productivity). The rationale for these two criteria is that small firms with huge productivity ratios are suspicious of having undetected misreported output units; also, large firms with excessively low productivity ratios are candidates for having misreported employment figures. In all those cases, we replace the corresponding variable by a missing value but the remaining variables of the firm are kept in the database. We focus the analysis on the private productive sector of the economy and thus exclude firms whose main sector of activity is either the financial sector or it is related with the public sector (health, education, social services, defense, social security and public administration), as well as domestic use and professional activities that are sectors where firms are a minority with respect to households and self-employed. Finally, we exclude data from 1995 to 1999 given the relatively poorer quality and coverage of firms' information for those years.
The merging process of CBI and SABI datasets is conducted firm by firm and variableby-variable in order to maximize coverage. Firms that exclusively appear in one of the datasets and overcome the statistical filters are incorporated in our database. Information from firms that appear in both datasets is combined in order to get the maximum amount of information for all variables reported in the financial statements. 
Output and Employment: Coverage and Dynamics
In this section we first examine the yearly and the full-sample coverage of the firmlevel BdE-extended database in terms of registered firms, aggregate wage-earners fulltime equivalent employment and their wage bill with respect to the publicly reported official data. Second, we compare the dynamics of employment, wage bill and production reported in National Accounts with the aggregate evolution that results from adding micro-data reported by firms in their financial statements.
The official number of firms' data come from DIRCE Census on Business that is the one reported for Spain in Eurostat Structural Business Statistics. 10 Official data on employment, production and wage bill come from Production and Generation of Income Accounts by Branches of Activity included in National Accounts reported by the Spanish National Institute of Statistics (INE). We focus the analysis on firms that operate in the non-financial market economy and thus using data from the Production and Generation of Income Accounts we are able to discard production, employment and wage bill from i) public sector activities (public administration and defense, social security, health, education and social services activities); ii) financial sector activities; and iii) domestic use, professional and association activities.
To evaluate the macro-representativeness of the yearly average employment reported by firms in their financial statements, we use data on salaried employment by branches of activity (i.e. aggregate labor measure that excludes self-employed workers). This suited for comparisons with the average number of employees included in the financial statements. The yearly average wage bill in the BdE dataset is computed as the sum of firms' reported labor expenditures (wages and social security contributions). This micro-aggregated average wage bill is compared with the aggregate remuneration of wage earners from National Accounts. To assess the output dynamics, we use production data from the Production and Generation of Income Accounts. The micro-aggregated output in the BdE dataset is computed as the sum of firms' reported net operating revenue, although we make an important adjustment for firms undertaking wholesale activities as well as those operating in the real-estate sector. In fact, for firms whose main activity is in those sectors, we replace sales by reported profit margin in order to make it comparable with the definition of production in terms of National Accounts in that sector of activity.
The coverage results for both the yearly and the pooled 2000-2013 samples (see Table   1 ) show the remarkably high coverage of the database, cleaned of outliers and inconsistent observations, with rates above 80% of registered firms for the non-financial market economy being these ratios fairly constant over the time period. In terms of macro aggregates, the firm-level dataset also reaches high and stable coverage ratios for both wage-earners employment and remuneration of workers with average ratios of, respectively, 77% and 80% for the pooled data sample (2000-2013).
Besides the good aggregate coverage of the firm-level dataset, we evaluate the ability of the micro database to replicate the macro aggregates of production, employment and wage bill over the business cycle. This exercise focuses on dynamics and it is particularly relevant for any research that has a macroeconomic perspective. In particular, it evaluates whether the composition of the dataset is biased towards a certain subset of firms that dynamically behave differently than the rest of the economy. The analysis shows that the BdE dataset exhibits a high predictive power of the dynamics of the main macro aggregates (see Figures 1a, 2a and 3a) . In fact, the correlation between micro-aggregated employment, wage-bill and output growth that emerge from the firm-level dataset and their counterparts in National Accounts is 0.91, 0.96 and 0.96 respectively for the nonfinancial market economy. It is important to notice that all these results hold once we discard unreliable observations and outliers detected in the robustness analysis. Indeed, the exhaustive cleaning reduces in 5 percentage points the aggregate coverage of registered firms, although it remains high at 80%, but improves the representativeness of the dataset and its predictive power of the macro dynamics.
magnitude is a full-time equivalent measure of employment by wage earners that is well-
Firm Size Distribution of Employment Categories
Evaluating the representativeness of a firms' micro database critically depends on its ability to replicate the firm size distribution (FSD) in terms of employment reported in the official statistics. By firms we consider businesses constituted as legal entities in the form of Corporation (Sociedad Anónima, SA), Limited Liability Companies (Sociedad Limitada, SL) and cooperatives. We focus the analysis on entities that operate in the non-financial market economy, i.e. exclude legal entities whose main sector of activity is either the financial sector or it is related with the public administration, as well as domestic use and professional activities.
To assess the coverage of the micro-dataset by ranges of employment we use the employment distribution by type of legal entity reported by the Central Business Register (DIRCE) that is the Business Census for Spain reported in Eurostat Structural Business
Statistics.
11 It is important to notice that the DIRCE Census uses a slightly different method to calculate the number of employees than the one mandated by law in the financial statements. Indeed, DIRCE reports the total number of employees at the end of the year, without adjusting for the existence of temporary and part-time employees.
Instead, financial statements report the average number of full-time equivalent employees throughout the year, considering temporary workers as a fraction of full-time workers. In spite of this methodological difference, the DIRCE Census is well-suited to evaluate the relative representativeness of the BdE-extended dataset over time given the stability of these differences during the sample period. Table 3 shows the average coverage rates by five size categories of employment from 2000 to 2013 (yearly and pooling samples). The table shows the high coverage of the dataset for small, medium and large firms with averages above 85% for firms with more than 10 employees. The left tail of the distribution populated by the smallest firms (i.e.
average employment in the 0-9 range) exhibits relatively poorer representation with an average ratio of 75% in the pooled data sample. This lower coverage is due to both the concentration of missing data in employment among this category class and the relatively worse quality of their reported data. The latter increases the probability of being discarded once tagged as an outlier or inconsistent observation by the statistical filters exposed above. It is worth noting the jump in the coverage for small-medium firms in the range 20 to 49 (average ratio of 93%) and then the relative fall for larger firms with 11 DIRCE Census data on employment size distribution by type of legal entity is available at http: //www.ine.es/jaxiT3/Tabla.htm?t=299&L=0. The details on the construction of DIRCE register can be found at http://www.ine.es/metodologia/t37/t3730201.htm.
ological differences in the employment definition used in the DIRCE Census. Indeed, the average employment reported in the financial statements is a more conservative measure of employment given the stricter counting of temporary workers. This should create a leftward displacement in the FSD distribution of the BdE-extended database with respect to the DIRCE one. This factor could explain the over-representation of firms in the range 10-49 in the BdE-extended dataset, with respect to the census data, and consequently also an under-representation of big firms. Nevertheless, the methodological differences are homogeneous during the full period guarantying the validity of the representativeness analysis given the stability of the employment distribution over time. Notice that the relative coverage among the different employment size categories is stable over time indicating the ability of the BdE-extended dataset to replicate the relative FSD in terms of employment and discarding the existence of a sample-size bias in the database.
Manufacturing Sector
In this section we replicate for the manufacturing sector the representative analysis undertaken for the non-financial market economy in sections 3 and 4. We put special attention on manufacturing because of the relevance of this sector to examine productivity and misallocation of resources in the economy.
The coverage results for the manufacturing sector (see Table 2 ) show an average coverage ratio of registered firms above 85% for the pooled data sample (2000-2013).
The ratios in the annual data samples are fairly constant over the time period although the coverage tends to grow over time. In terms of macro-aggregates, the firm-level dataset for the manufacturing sector also reaches high and stable coverage ratios for both wageearners employment and remuneration of workers with average ratios of, respectively, 78% and 85% for the pooled data sample. Besides the good aggregate coverage of the manufacturing sector, the analysis shows that over time the BdE-extended dataset results for this sector in a representative firm size distribution according the employment-size categories reported in the official statistics. Table 4 shows the average coverage rates by five size categories of employment from 2000 to 2013 (yearly and pooling samples). The table shows the high coverage of the dataset for employment categories with averages ratios above 90% for firms with more than 10 employees. As in the case of the nonfinancial market economy, the smallest firms with average employment in the 0-9 range exhibit the poorer representation in the distribution for the same reasons discussed in the previous section (i.e. concentration of missing data and relatively worse quality of the employment above 50 (average ratio of 87%). This gap can be rationalized by the method-reported data). The evidence also indicates that the relative aggregate coverage of the number of firms within each employment-size category is stable but, particularly since 2008, increasing over time. Overall, the BdE-extended dataset is able to replicate the relative FSD in terms of employment for the manufacturing sector.
We also evaluate the ability of the firm-level database to replicate for the manufacturing sector the macro aggregates of production, employment and wage bill over the business cycle. The analysis shows (see Figures 1b, 2b and 3b ) the high predictive power of the macro aggregates dynamics reported in National Accounts that results from aggregating micro-data on employment, wages and production reported by firms in their financial statements. Indeed, the correlation between micro-aggregated employment, wage-bill and output growth that emerge from the firm-level dataset and their counterparts in National Accounts is 0.94, 0.94 and 0.97 respectively for the manufacturing sector. The empirical exercises presented in the paper have shown that the manufacturing sector is particularly well-represented in the dataset. The latter is particularly relevant given that this sector, according to the economic literature, is the critical branch of activity to examine productivity dynamics and misallocation of resources.
The availability of this new representative firm-level dataset opens the door to combine it with other firm-level databases already available for research when these datasets share the same fiscal identifier for firms. The potential gains of combining different sources of micro-data information could allow analysts to exploit the heterogeneity of firms' behavior over time in order to obtain a better understanding of relevant policy issues for Spain that have been recently analyzed for other advanced economies. Indeed, studying the determinants of firms' investment and productivity, the roots of corporate credit cycles or the dynamics of exports over the business cycle, are promising avenues for new research using microeconomic analysis. In any case, each analyst will have flexibility to make her own decisions on how to combine and statistically treat the available firm-level information in order to address the policy or research question she intends to answer. 
